I III llllll III III HJ II 111 Lll III [III III) llll Ill H III 

US006650226B1 

(12) United States Patent (io> Patent No.: us 6,650,226 bi 

Wuidart et al. (45) Date of Patent: Nov, 18, 2003 



(54) DETECTION, BY AN ELECTROMAGNETIC 
TRANSPONDER READER, OF THE 
DISTANCE SEPARATING IT FROM A 
TRANSPONDER 

(75) Inventors: Luc Wuidart, Pourrieres (FR); Michel 
Bardouillet, Rousset (FR); Jean-Pierre 
Enguent, Saint Savournin (FR) 

(73) Assignee: STMicroelectronics S.A., Gentilly (FR) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/544,151 

(22) Filed: Apr. 6, 2000 

(30) Foreign Application Priority Data 

Apr. 7, 1999 (FR) 99 04545 

May 31, 1999 (FR) 99 07024 

(51) Int. CI. 7 H04Q5/22 

(52) U.S. CI 340/10.1; 340/10.34; 340/10.4; 

340/572.1; 340/572.7; 340/870.31; 340/235; 
340/439; 340/492; 340/455; 340/41 

(58) Field of Search 340/10.1, 10.34, 

340/10.4, 572.1, 572.7, 870.31; 235/439, 
492; 455/41 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2,411,555 A 11/1946 Rogers 

3,618,089 A 11/1971 Moran, Jr. et al. 

4,068,232 A 1/1978 Meyers et at. 

4,209,783 A 6/1980 Ohyama et al. 

4,278,977 A 7/1981 Nossen 

4,408,185 A 10/1983 Rasmussen 

4,593,412 A 6/1986 Jacob 

4,656,472 A 4/1987 Walton 

4,660,192 A 4/1987 Pomatto, Sr. 

4,706,050 A 11/1987 Andrews 

4,782,308 A 11/1988 Trobec et al. 

4,802,080 A 1/1989 Bossi et al. 



4,814,595 A 
4,827,266 A 



3/1989 Gilboa 
5/1989 Sato et al. 



(List continued on next page.) 
FOREIGN PATENT DOCUMENTS 



DE 
DE 
DE 
DE 
DE 



28 35 549 Al 
44 44 984 
A-195 46 928 
A-196 21 076 
196 32 282 Al 



3/1979 
12/1994 

6/1997 H03J/5/00 

11/1997 G08C/17/04 

2/1998 



(list continued on next page.) 

OTHER PUBLICATIONS 

French Search Report from French Patent Application 99 
04548, filed Apr. 7, 1999. 

French Search Report from French Patent Application 99 
04545, filed Apr. 7, 1999. 

French Search Report from French Patent Application 99 
07024, filed May 31, 1999. 

French Search Report from French Patent Application No. 
99 .09563, filed Jul. 20, 1999. 

French Search Report from French Patent Application No. 
98 08025, filed Jun. 22, 1998. 

(List continued on next page.) 

Primary Examiner— Michael Horabik 

Assistant Examiner — Yves DaLencourt 

(74) Attorney, Agent, or Firm— Wolf, Greenfield & Sacks, 

P.C.; James H. Morris 



(57) 



ABSTRACT 



A terminal for generating an electromagnetic field adapted to 
cooperate with at least one transponder when the transpon- 
der enters the electromagnetic field, the terminal including 
circuitry for determining the distance separating the at least 
one transponder from the terminal without requiring any 
transmission from the transponder to the terminal. In one 
example, the terminal also includes a phase regulation loop 
that regulates the phase of a signal in an oscillating circuit 
of the terminal with respect to a reference value. 

20 Claims, 5 Drawing Sheets 
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DETECTION, BY AN ELECTROMAGNETIC 
TRANSPONDER READER, OF THE 
DISTANCE SEPARATING IT FROM A 
TRANSPONDER 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to systems using electro- 10 
magnetic transponders, that is, transceivers (generally 
mobile) capable of being interrogated in a contactless and 
wireless manner by a unit (generally fixed), called a read/ 
write terminal. The present invention more specifically 
relates to transponders having no independent power supply. 15 
Such transponders extract the power supply required by the 
electronic circuits included therein from the high frequency 
field radiated by an antenna of the read/write terminal. The 
present invention applies to such transponders, be they 
read-only transponders, that is, adapted to operating with a 2 o 
terminal that only reads the transponder data, or read/write 
transponders, which contain data that can be modified by the 
terminal. 

The present invention more specifically relates to the 
detection by a transponder of the distance separating it from 25 
a terminal and, more specifically, of the transponder position 
with respect to a distance threshold of the terminal condi- 
tioning the system operation. 

2. Discussion of the Related Art 

Electromagnetic transponders are based on the use of 30 
oscillating circuits including a winding forming an antenna, 
on the transponder side and on the read/write unit side. 
These circuits are intended to be coupled by a close mag- 
netic field when the transponder enters the field of the 
read/write unit. The range of a transponder system, that is, 35 
the maximum distance from the terminal at which a tran- 
sponder is activated (awake) depends, especially, on the size 
of the transponder antenna, on the excitation frequency of 
the coil of the oscillating circuit generating the magnetic 
field, on the intensity of this excitation, and on the tran- 40 
sponder's power consumption. 

FIG. 1 very schematically shows, in a functional way, a 
conventional example of a system of data exchange between 
a read/write terminal 1 (STA) and a transponder 10 (CAR). 45 

Generally, terminal 1 is essentially formed of an oscillat- 
ing circuit formed of an inductance LI in series with a 
capacitor CI and a resistor Rl, between an output terminal 
2p of an amplifier or antenna coupler 3 (DRIV) and a 
terminal 2m at a reference potential (generally, the ground). 50 
Amplifier 3 receives a high-frequency transmission signal 
Tx, provided by a modulator 4 (MOD). The modulator 
receives a reference frequency, for example, from a quartz 
oscillator 5 and, if necessary, a data signal to be transmitted. 
In the absence of a data transmission from terminal 1 to 55 
transponder 10, signal Tx is used only as a power source to 
activate the transponder if said transponder enters the field. 
The data to be transmitted generally comes from a digital 
electronic system, for example, a microprocessor 6 (/*P). 

The connection node of capacitor CI and inductance LI 60 
forms, in the example shown in FIG. 1, a terminal for 
sampling a data signal Rx, received from a transponder 10 
and intended for a demodulator 7 (DEM). An output of the 
demodulator communicates (if necessary via a decoder 
(DEC) 8) the data received from transponder 10 to micro- 65 
processor 6 of read/write terminal 1. Demodulator 7 
receives, generally from oscillator 5, a clock or reference 
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signal for a phase demodulation. The demodulation may be 
performed from a signal sampled between capacitor CI and 
resistor Rl and not across inductance LI. Microprocessor 6 
communicates (bus EXT) with different input/output 
(keyboard, screen, means of transmission to a provider, etc.) 
and/or processing circuits. The circuits of the read/write 
terminal draw the power necessary for their operation from 
a supply circuit 9 (ALIM), connected, for example, to the 
electric supply system. 

On the side of transponder 10, an inductance L2, in 
parallel with a capacitor C2, forms a parallel oscillating 
circuit (called a reception resonant circuit) intended for 
capturing the magnetic field generated by series oscillating 
circuit L1C1 of terminal 1. The resonant circuit (L2, C2) of 
transponder 10 is tuned on the frequency of the oscillating 
circuit (LI, CI) of terminal 1. 

Terminals 11, 12, of resonant circuit L2C2, which corre- 
spond to the terminals of capacitor C2, are connected to two 
A.C. input terminals of a rectifying bridge 13 formed, for 
example, of four diodes Dl, D2, D3, D4. In the represen- 
tation of FIG. 1, the anode of diode Dl and the cathode of 
diode D3 are connected to terminal 11. The anode of diode 
D2 and the cathode of diode D4 are connected to terminal 
12. The cathodes of diodes Dl and D2 form a positive 
rectifier output terminal 14. The anodes of diodes D3 and D4 
form a reference terminal 15 of the rectified voltage. A 
capacitor Ca is connected to rectified output terminals 14, 15 
of bridge 13 to store power and smooth the rectified voltage 
provided by the bridge. It should be noted that the diode 
bridge may be replaced with a single-halfwave rectifying 
assembly. 

When transponder 10 is in the field of terminal 1, a high 
frequency voltage is generated across resonant circuit L2C2. 
This voltage, rectified by bridge 13 and smoothed by capaci- 
tor Ca, provides a supply voltage to electronic circuits of the 
transponder via a voltage regulator 16 (REG). These circuits 
generally include, essentially, a microprocessor (NP) 17 
(associated with a memory not shown), a demodulator 18 
(DEM) of the signals that may be received from terminal 1, 
and a modulator 19 (MOD) for transmitting information to 
terminal 1. The transponder is generally synchronized by 
means of a clock (CLK) extracted, by a block 20, from the 
high-frequency signal recovered across capacitor C2 before 
rectification. Most often, all the electronic circuits of tran- 
sponder 10 are integrated in the same chip. 

To transmit data from transponder 10 to unit 1, modulator 
19 controls a stage of modulation (back modulation) of 
resonant circuit L2C2. This modulation stage is generally 
formed of an electronic switch (for example, a transistor T) 
and of a resistor R, in series between terminals 14 and 15. 
Transistor T is controlled at a so-called sub-carrier fre- 
quency (for example, 847.5 kHz), much smaller (generally 
with a ratio of at least 10) than the frequency of the 
excitation signal of the oscillating circuit of terminal 1 (for 
example, 13.56 MHz). When switch T is closed, the oscil- 
lating circuit of the transponder is submitted to an additional 
damping as compared to the load formed of circuits 16, 17, 
18, 19 and 20, so that the transponder draws a greater 
amount of power from the high frequency field. On the side 
of terminal 1, amplifier 3 maintains the amplitude of the 
high-frequency excitation signal constant. Accordingly, the 
power variation of the transponder translates as an amplitude 
and phase variation of the current in antenna LI. This 
variation is detected by demodulator 7 of terminal 1, which 
is either a phase demodulator or an amplitude demodulator. 
For example, in the case of a phase demodulation, the 
demodulator detects, in the sub-carrier half-periods where 
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switch T of the transponder is closed, a slight phase shift (a device, that the information coming from the label is 
few degrees, or even less than one degree) of the carrier of included in a window of predetermined values. The device 
signal Rx with respect to the reference signal. The output of described by this document uses a measurement of the 
demodulator 7 (generally the output of a band-pass filter amplitude of a low-frequency modulation provided by the 

centered on the sub-carrier frequency) then restores an 5 l aoe l responsive to a read control signal sent by the device, 

image signal of the control signal of switch T that can be According to this document, the amplitude of this modula- 

decoded (by decoder 8 or directly by microprocessor 6) to tion fe representative of the distance separating the label 

restore the binary data. , hom the information exchange device. 

It should be noted that the terminal does not transmit data Adisadvantage of ±is know* (solution i is .that the detection 

when it receives some from a transponder, the data trans- io requires a demodulation o^^^^ 

u , , . j. ,. ..... mitted by the transponder. Indeed, the detection is performed 

mission occurring alternately in one direction, then in the from ^ ^ ^ demodulated signal> that F iS) of the 

other one (halt-duplex). carrier fa addition t0 the fact that me terminal thus cannot 

FIG. 2 illustrates a conventional example of data trans- detect me distance of a transponder if said transponder 

mission from terminal 1 to a transponder 10. This drawing transmits no information, the amplitude of the demodulated 
shows an example of the shape of the excitation signal of 15 signal ^ not a mon otonic function of the distance. In 

antenna LI for a transmission of a code 1011. The modu- particular, the characteristic of the signal amplitude accord- 

lation currently used is an amplitude modulation with a mg t0 me distance generally exhibits at least one maximum 

106-kbit/s rate (one bit is transmitted in approximately 9.5 m a so-called critical coupling position. The critical coupling 

is) much smaller than the frequency (for example, 13.56 position corresponds to the distance at which the coupling 

MHz) of the carrier coming from oscillator 5 (period of between a transponder and the terminal is optimized by a 

approximately 74 ns). The amplitude modulation is per- maximum remote supply amplitude received by the tran- 

formed either in all or nothing or with a modulation ratio sponder when me oscillating circuits of the terminal are both 

(defined as being the difference of the peak amplitudes mned on me rcmote supply frequency. In other 

between the two states (0 and 1), divided by the sum of these words> me CTitical coupling position corresponds to the 

amplitudes) smaller than one due to the need for supply of 25 distance where the remote supply power is maximum for a 

transponder 10. In the example of FIG. 2, the carrier at 13.56 minimum coupling factor, the coupling factor being the ratio 

MHz is modulated m amplitude, with a 106-kbit/s rate, with of the mut ual inductance on the square root of the product 

a modulation rate tm of 10%. of the inductances of the oscillating circuits. 

FIG. 3 illustrates a conventional example of a data trans- nttl „ , . ^ 

mission from transponder 10 to terminal 1. Tins drawing 30 SUMMARY OF THE INVENTION 

illustrates an example of the shape of the control signal of The present invention aims at providing a novel solution 

transistor T, provided by modulator 19, for a transmission of of distance measurement between a transponder and a 

a code 1011. On the transponder side, the back modulation terminal. In particular, the present invention aims at provid- 

is generally of resistive type with a carrier (called a sub- ing a solution that is implemented on the terminal side and 

carrier) of, for example, 847.5 kHz (period of approximately 35 that requires no transmission from the transponder to evalu- 

1.18 its). The back modulation is, for example, based on a ate the distance. 

BPSK-type (binary phase-shift keying) coding at a rate on The present invention also aims at providing a solution 

the order of 106 kbits/s much smaller than the sub-carrier that enables reliable detection of the distance, independently 

frequency. from the transponder position with respect to the distance 

It should be noted that, whatever the type of modulation 40 corresponding to the critical coupling position, 

or back modulation used (for example, amplitude, phase, To achieve these and other objects, the present invention 

frequency) and whatever the type of data coding (NRZ, provides a terminal for generating an electromagnetic field 

NRZI, Manchester, ASK, BPSK, etc.), this modulation or adapted to cooperate with at least one transponder when said 

back modulation is performed digitally, by jumping between 45 transponder enters in this field, the terminal including means 

two binary levels. for determining the distance separating the transponder from 

The oscillating circuits of the terminal and the transpon- toe terminal without requiring any transmission from the 

der are generally tuned on the carrier frequency, that is, their transponder to the terminal. 

resonance frequency is set on the 13.56-MHz frequency. According to an embodiment of the present invention, the 

This tuning aims at maximizing the energy diffusion to the 50 terminal includes an oscillating circuit adapted to receive a 

transponder, generally, a card of credit card size integrating high frequency A.C. excitation voltage, said means measur- 

the different transponder components. ing a variable depending on the load formed by the tran- 

In some applications, it may be desired to know the sponder on the terminal's oscillating circuit, 

distance separating the transponder from a terminal, or the According to an embodiment of the present invention, 

transponder position with respect to a distance threshold. 55 sa "* means measure the current in the oscillating circuit or 

Such a distance detection may be used, for example, to the voltage across one or several of its elements, 

switch the system to an operating mode or another according According to an embodiment of the present invention, the 

to whether the transponder is close (on the order of 2 to 10 terminal includes means for regulating the phase of the 

cm) or very close (less than approximately 2 cm) to the signal in the oscillating circuit with respect to a reference 

reader. The notion of proximity involves the distance sepa- 60 value. 

rating antennas LI and L2 from each other. According to an embodiment of the present invention, 
Document WO-A-97/34250 provides a device of contact- said measurement means include an analog-to-digital con- 
less information exchange with an electronic label, this verter of the measured current or voltage and a digital circuit 
device including means for preprocessing a signal represen- for comparing the measured value with a correspondence 
tative of the distance between the label and the device, based 65 table stored in the terminal. 

on the signal transmitted by the label. These means are used The foregoing objects, features and advantages of the 

to determine and to signal, to the information exchange present invention, will be discussed in detail in the following 
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non- limiting description of specific embodiments in connec- Thus, another feature of the present invention is to pro- 

tion with the accompanying drawings. vide a regulation of the phase of the terminal's oscillating 

circuit with respect to a reference value. According to the 

BRIEF DESCRIPTION OF THE DRAWINGS present invention, this phase regulation is performed by 

™„„ . i-% -ij -uj *jjr5 means of a loop, the response time of which is chosen so that 

FIGS. 1 to 3, previously described, are intended for . . «= • *, i . -j j- 4t _ t_ 1 

* .i , . * ,i . j .i ui * i the loop is sufficiently slow to avoid disturbing the back 

showing the state of the art and the problem to solve; . ,f, c * j j • n- * ^ 

& r modulation commg from a transponder and is sufficiently 

FIG. 4 shows, in block diagram form, an embodiment of fast ^ compared to the displacement speed of a transponder 

a terminal of an electromagnetic transponder system accord- m me terminal's field. This can be called a static regulation 

ing to the present invention; 10 ^ respect to the modulation frequencies (for example, 

FIG. 5 partially and very schematically shows a first 13,56 MHz and 847.5 kHz), 

embodiment of a distance detector according to the present F IG. 4 shows, in block diagram form, an embodiment of 

mvention; a terminal 1' according to the present invention provided 

FIG. 6 illustrates by a voltage-distance characteristic the with a phase regulation loop for the oscillating circuit, 

operation of the detector of FIG. 5; 15 /^ previously, terminal 1* includes an oscillating circuit 

FIG. 7 partially and very schematically shows a second formed of an inductance or antenna LI, in series with a 

embodiment of a distance detector according to the present capacitive element 24 and a resistor Rl, between an output 

invention; terminal 2p of an amplifier or antenna coupler 3 and a 

FIG. 8 illustrates by a voltage-distance characteristic the terminal 2m at a reference potential (generally the ground), 

operation of the detector of FIG. 7; 20 Amplifier 3 receives a high frequency reference signal Tx 

FIG. 9 partially and very schematically shows a third from a modul 1 at / ?^ (MOD) that "J*"™ a reference fine- 
embodiment of a distance detector according to the present ? uenc y ( SI S nal 0S P )> for «nmpk> from a q^rtz oscillator 
invention- and ( not snown )- Modulator 4 receives, if necessary, a data 

pr/-, ' „ , , , u j . . , . . . signal to be transmitted and, in the absence of any data 

FIG. 10 illustrates by a voltage-distance characteristic the 25 *JZ w M e *u ♦ * 1 * *u w i_ r 

- . , J - rt ^ transmission from the terminal, it provides the high fre- 

operation of the detector of FIG. 9. quency carrfer (&f ^ MRz) tQ 

DETAILED DESCRIPTION remote, y a «™»I»n«fcn 

A feature of the present invention is that capacitive 
The same elements have been referred to with the same element 24 is an element of variable capacitance, control- 
references in the different drawings and the drawings are out 30 lable by a signal CTRL. 

of scale. For clarity, only those elements necessary to the According to the present invention, a regulation of the 

understanding of the present invention have been shown in current phase in antenna LI with respect to a reference 

the drawings and will be described hereafter. In particular, signal REF is performed. This regulation is a regulation of 

the structure of a transponder and the structure of the digital the high frequency signal, that is, of the signal of the carrier 

data processing elements on the read terminal side have not 3 (for example, at 13.56 MHz) corresponding to signal Tx in 

been detailed. the absence of data to be transmitted. This regulation is 

A feature of the present invention is to use the signal at the performed by varying the capacitance of the oscillating 

carrier frequency to detect the distance of a transponder that circuit of terminal V so as to maintain the current in the 

has entered the terminal field. The fact of using the infer- ^ antenna in constant phase relation with the reference signal, 

mation directly on the carrier (for example, at 13.56 MHz) Signal REF is at the carrier frequency and corresponds, for 

enables determining the distance without requiring any example, to signal OSC provided by the oscillator (5, FIG. 

information transmission from the transponder itself. 1) of the modulator. 

Indeed, when it enters the field of a terminal, a transponder As illustrated in FIG. 4, capacitive element 24 provided in 

acts upon the load of the oscillating circuit of this terminal. 45 series with resistor Rl and inductance LI is controllable by 

This load variation depends, in particular, on the distance means of signal CTRL. Signal CTRL originates from a 

separating the transponder from the terminal. circuit 21 (COMP), the function of which is to detect the 

A first solution would be to measure the signal amplitude P nase interval with respect to reference signal REF and to 

(for example, the amplitude of the voltage across capacitor accordingly modify the capacitance of element 24. 

CI, FIG. 1) to determine the distance based on the variations 50 Variable capacitor 24 may be formed in several ways, 

of this voltage. Such a measurement is however unexploit- Generally, this capacitance must reach a few hundreds of 

able in practice, especially since the voltage variation range picofarads and withstand, across its terminals, a voltage of 

according to distance depends on the tuning of the oscillat- more than 100 volts. 

ing circuit, and thus on the value of capacitance CI. Now, in A first solution is to use a diode in which the capacitance 

conventional circuits, the tuning is never perfect. 55 of the reverse-biased junction is used as a variable capaci- 

In particular, in conventional terminals, the tuning of the tance tnat depends on this biasing. The diode is then 

resonance frequency at the carrier frequency is performed connected, by its anode, on the side of reference terminal 2m 

manually by means of a variable capacitor, once the terminal an <* by i te cathode, on the side of inductance LI. 

has been manufactured. The tuning needs adjusting, espe- A second solution is to use a diode-mounted MOSFET 

cially due to manufacturing tolerances of the capacitive and 60 transistor. Such a component has substantially the same 

inductive elements, to guarantee the chosen phase operating capacitance-voltage characteristic as that of a diode. The 

point between the signal provided by oscillator 5 and the advantage is that, for a same avalanche breakdown voltage, 

received signal Rx. A detuning of the terminal's oscillating the necessary integration surface is smaller than for a diode, 

circuit has several consequences and, in particular, that of The phase measurement in the oscillating circuit is 

modifying the signal amplitude in this oscillating circuit 65 performed, for example, from a measurement of the current 

and, accordingly, the available amplitude of the signal for a 1 through this oscillating circuit. A circuit 23 for of a current 

possible measurement. transformer connected in series with element 24 and induc- 
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tance LI is used, for example, in the embodiment illustrated cies lower than the sub-carrier frequency), imaginary part 

in FIG. 4. Such a current transformer is generally formed of Xla is zero, that is, Xl=a 2 X2. 

a primary winding 23' between element 24 and ground Further, for a given operating condition, characterized by 

terminal 2m and of a secondary winding 23", a first terminal the transponder load, that is, a given value for resistance R2, 

of which is directly connected to ground 2m and the other 5 it may be assumed that the impedance only depends on the 

terminal of which provides a signal MES providing the mutual inductance. Indeed, not only does pulse co remain 

result of the measurement, a current-to-voltage converting constant, but also the values of resistances Rl and Rl, of 

resistor R14 being connected in parallel with secondary inductance L2 and of capacitance C2, that is, all the other 

winding 23" parameters conditioning term a , can be considered as 

„ ' , - . . . in constant. Their possible variations are due to possible tech- 

The result MES of the measurement is sent to phase io . , * , „ ^™.«^ * rt } u 

„ . « « * nological drifts and are negligible as compared to the 

comparator 21 that then compares the phase of the ^current ^»<m ^ * 

measured by block 23 with reference signal REF, and ^ ^ ^ condilioned b the load formed b £ lhe ^ [ 

accordmgty controls capacitive element 24 by means of def fa ^ fle)d ^ a ^ fof ^ ^ operating 

S1 *» na . ' , ,. „ condition, the only remaining variable in term a 2 is mutual 

According to a preferred embodiment, comparator 21 « mductance m . Now , ^ mutual mductance is a tuncUon of 

uses the same phase demodulator (not shown) as that used , he distance between the terminal and the transponder, 

to demodulate the signal coming from the transponder and Accordillgly> ^ information that is a function of the distance 

which may be received by the oscillating circuit. the tranS p 0n der from the terminal may be 

Accordingly, as illustrated in FIG 4 comparator 21 provides deduoed from a variation of ^ inipedtI10Bt ^ more 

signal Rx restoring a possible back modulation received » specifically( of the Kal paft of this fa^^ 

from a transponder. It should be noted that, due to the presence of the phase 

It should be noted that the phase regulation loop must be , ^ variation j, mon otonic according to 

sufficiently slow so as not to disturb the phase modulation at distance an(J ue variation k ^ , he same> wheUjer 

847.5 kHz, but sufficiency fast as compared to the displace- circuit ^ tuned on ^ carrfer fluency or detuned ^ 

ment speed of a transponder in the terminal field, which is ct tQ ^ 

generally the displacement speed of a hand. For example, a Extracting the informa ti on on the impedance of the oscil- 

response time on the order of one mulisecond is adequate ^ ^ rfonned m y^,^ 

the displacement time of a transponder being of several (o , * , my ^ ^ ferred tQ e ^ 

hundreds 01 milliseconds. • r *• • .i_ * r 1* 

30 mformation in the form of a voltage or current measurement, 

An advantage of the present invention is that by regulat- as ^ be described hereafter h relation ^ mree embodi . 

mg the phase of the oscillating circuit on a reference value, meQts fllustrated m ft GS . 5> 7 ^ 9. embodiments 

possible problems of tolerance of the sizing of the oscillating ide the information, respectively, at nodes 30, 

circuit components and the drift of these components in ^ and 0 f pi(j 4 

operation are altogether avoided. .... 35 FIG. 5 shows a first embodiment of a distance detector 

Hie fact of regulating the phase ,of ^he osculating circuit accordi t0 me present invention. According to this 

on a reference value enables that the distance variation of a embodim ent, the voltage is measured across the oscillating 

transponder entering the field of the terminal only translates circuit> more specifically between me junction ^ 30 of 

as a modification of the real part of the impedance of this serially-connected resistor Rl and inductance LI, and the 

oscillating circuit. Indeed, all variations that would tend to ^ d (2m) ^ measurement device ^ for 

modify the imaginary part of this impedance by the load c k a c dtQr c for siQd me yol measured at 

formed by the transponder are compensated by the phase node ^ A first terminal of capacitor c ^ connected, via a 

regulation loop. diode D> tQ node 30> while its second terminal is connected 

It may be assumed that, when a transponder enters the t0 gr 0und 2m. The function of diode D is to rectify the signal 

field of a read/write terminal, the impedance of the termi- 45 samp i e d on terminal 30. A resistor Rd is placed in parallel 

nal's oscillating circuit then depends not only on the values on captor C to discharge the capacitor when the measured 

of components Rl, LI and on the capacitance of element 24 value decrease s. Diode D, capacitor C and resistor Rd form 

(referred to as CI), but also on the respective values of an enV elope detector and other means for forming such a 

inductance L2 and of capacitor C2 (FIG. 1) of the transpon- detector may be used. The voltage stored in capacitor C may 

der and of the equivalent resistance of the circuits 5Q be amplified by an ampUfier 31 before being exploited by an 

(microprocessor, etc.) and on the back modulation means analog-to-digital converter (A/D) 32, the outputs 33 of 

(for example, resistor R, FIG. 1), added in parallel on which are sent to processor 6 of the terminal. Amplifier 31, 

capacitor C2 and on inductance L2. This equivalent resis- the mput G f which is connected to the junction point of 

tance will be designated hereafter as R2. serially-connected diode D and capacitor C and the output of 

The apparent impedance of the terminal's oscillating 55 which is sent to converter 32 only has the function of 

circuit can be expressed as: Zl»Rla+jXla, where Rla and amplifying, if necessary, the amplitude of the measurement 

Xla respectively represent the real and imaginary parts of signal variations, according to the variation range that is 

the apparent impedance. desired to be measured. 

Imaginary part Xla can express as Xlfl=Xl-a 2 X2, where As illustrated in FIG. 6, which shows an example of a. 

Xl=o)Ll-l/coCl, where X2=coL2-l/coC2, and where a2 is a 60 voltage-distance characteristic according to the first embodi- 

term depending on pulse co, on the mutual inductance ment of FIG. 5, voltage V across capacitor C decreases as the 

between the two oscillating circuits, on X2 and on a term R'2 distance between the terminal and the transponder increases, 

based on L2/R2C2. Voltage V is maximum (Vm) for a null distance and linearly 

Real part Rla can express as Rlfl»Rl+Rl+a 2 R'2, where decreases to reach an asymptote (voltage Va), which corre- 

Rl represents the parasitic resistance of inductance LI. 65 sponds to the measured voltage in the absence of a tran- 

By the phase control by means of the regulation system, sponder in the terminal's field. In practice, voltage Va is 

it is ascertained that, in static operation (that is, for frequen- close to zero. 
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FIG. 7 shows a second embodiment of a distance detector measurement is then used to validate or invalidate the 

according to the present invention. According to this presence of a transponder in the terminars field and, 

embodiment, the voltage is measured across capacitive accordingly, the distance measurement performed, 
element 24, more specifically between the junction point 34 An advantage of the present invention is that it is not 
of inductance LI and element 24, and ground 2m. This 5 necessary that the transponder transmits to determine the 

measurement is performed by means of a device similar to distance separating it from the terminal. Indeed, the present 

that used in FIG. 5, that is, including a diode D between node invention determines the distance only based on the load 

34 and a first terminal of a capacitor C, the second terminal formed b y transponder on the oscillating circuit and 

of which is grounded, a resistor Rd being arranged in without requiring demodulation of a message transmitted by 
parallel on capacitor C. The voltage across capacitor C is 10 sai T d ^ s P°n der m t 
measured, if necessary via an amplifier 31, by an analog- h should . * noted that me transformation of the voltage 

to-digitalconverter32,theout P uts33of which are exploited ° r current information into a value based on a correspon- 

b rocessor 6 dence table stored in the terminal is within the abilities of 
y processor . ^jm^ m ^ art oased on the functional indications 

FIG. 8 illustrates the shape of voltage > V across capacitor jven hereabove . In establishing the table, the voltage ampli- 
C according to the distance between the terminal and the « mdes and of ^ raQge of voltage or mmDt variation 

transponder. Voltage V has the inverse shape of voltage V of accord ing to distance will of course be taken into account. 
FIG. Mut is, it non-linearly increases from > minimum ^ of me , ^ ^ |he 

value V0 to an asymptotic value Va' corresponding to the measurement ^ performed 0D ^ sing i e p en nanent 

absence of any transponder ,n the terminal s field. signal rf ^ Uansmission ' sys t em> that the remote supply 

FIG. 9 shows a third embodiment of a distance detector carrier ( for examp i e> at 13.56 MHz), 
according to the present invention. According to this Of course, the present invention is likely to have various 

embodiment, the current is measured in the terminal's alterations, modifications, and improvements which will 

oscillating circuit. This measurement is preferably per- readn occur tQ mose m me m In particular> the 

formed by means of current measurement device 23, further choice of , he ^^^0,, ^ for me measurement depends 

used for the phase regulation. Thus, as illustrated in FIG. 9, Qn , he application and> m par t icu i ar( on , he sizing 0 f , he 

the current measurement is performed via the same current differen t components of the oscillating circuits that condi- 

transformer. Terminal 35 of resistor R14, which provides in ^ me amplitude of the voltage or variat ion accord- 

FIG. 4 measurement signal MES to phase comparator 21, is mg tQ distance . Furthef( (he prac , ica , imp i em entation of the 

connected to the anode of a diode D of the measurement measuremen , and phase regulation circuits is within the 

device according to the present invention. As in the other abi|iUes of mose skm<jd m , he M based on , he ^Howl 

embodiments, the cathode of diode D is connected to a first indications given hereabove 
terminal of a capacitor C, the other terminal of which is ^ ^ licaljons of lne t mvenlion> 

grounded a resistor Rd being m parallel wi h capacitor C. less ch; * ^ e , identification cards for access 

The cathode of diode D is also connected, if necessary via contt / electron V ic purse cards, cards for storing information 
an amplifier 31, to an input terminal of an analog- o-digital ^ card ^ ^ television 

converter 32, the outputs 33 of which are exploited by ^ e , c) ^ read v read/write systems for , hese cards 

processor 0. ^ or exam p] ej access control terminals or porticoes, auto- 

FIG. 10 illustrates the shape of current I in the oscillating matic dispensers, computer terminals, telephone terminals, 
circuit according to distance. Current I increases from a ^ televisions or satellite decoders, etc.) will more particularly 

minimum value 10 to an asymptote Im corresponding to the ^ e p^ut^ oul 

state of the oscQlating circuit in the absence of any tran- Such alteratioDSj modifications, and improvements are 

sponder in its field. intended to be part of this disclosure, and are intended to be 
It should be noted that, whatever the embodiment used, the spirit and the of tne preS ent invention, 

the distance variation translates as the modification of the 45 Accordingly, the foregoing description is by way of example 

real part of the impedance of the oscillating circuit of the only and ^ not mten ded to be limiting. The present invention 

primary. In this impedance, as discussed previously, the ^ limited only as defined in the following claims and the 

contribution of resistance Rl and of the parasitic resistance equivalents thereto, 
of the self -inductance can be considered as constant accord- What is claimed is: 

ing to distance. More specifically, their variations are neg- 50 lt A terminal for generating an electromagnetic field 

ligible and are essentially due to technological dispersions. adapted to cooperate with at least one transponder when said 

Accordingly, only the mutual inductance and possible resis- transponder enters in the field, and comprising an oscillating 

tance R2 brought from the transponder vary. For resistance circuit a d ap t e d to receive a high frequency A.C. drive 

R2, it should be noted that in most cases, its variation in case voltage, the terminal including means for determining a 
of a back modulation is negligible. If such is not the case, it 55 distance separating the transponder from the terminal with- 

is sufficient to size capacitor C so that the envelope detector out requiring any transmission from the transponder to the 

(diode D, capacitor C, resistor Rd) is insensitive to the terminal and means for regulating a phase of a signal in the 

sub-carrier frequency, or to detect the back modulation. oscillating circuit with respect to a reference value. 

Among the embodiments described hereabove, the cur- 2. The terminal of claim 1, wherein said means for 
rent measurement is a preferred embodiment, since this go determining a distance measure a variable depending on a 

current is never zero, whether or not there is a transponder load formed by the transponder on the terminal's oscillating 

in the terminal's field. circuit. 

It should be noted that, as an alternative, a voltage 3. The terminal of claim 2, wherein said means for 

measurement may be combined with a current measurement. determining the distance measure a current in the oscillating 
For example, the current will be used as a main measure- 65 circuit or a voltage across one or several of its elements, 
mentand.if the current value asymptote at which it becomes 4. The terminal of claim 3, wherein said means for 

difficult to exploit the measurement is reached, a voltage determining the distance include an analog-to-digital con- 
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verter of a measured current or voltage and a digital circuit 
for comparing the measured current or voltage with a 
correspondence table stored in the terminal. 

5. A terminal that generates an electromagnetic field, the 
terminal being adapted to communicate with a transponder 
when the transponder enters the electromagnetic field, the 
terminal comprising: 

an oscillating circuit; 

a phase-regulation loop that regulates a phase of a signal 
in the oscillating circuit with respect to a reference 
value; and 

a distance detector that determines a distance between the 
terminal and the transponder based on a value of a real 
part of an impedance of the oscillating circuit. 

6. The terminal of claim 5, wherein the signal is a current 
in the oscillating circuit. 

7. The terminal of claim 6, wherein the phase-regulation 
loop includes a phase comparator that provides an output 
signal based on a comparison of a measured value of the 
phase of the current with the reference value. 

8. The terminal of claim 7, wherein the phase comparator 
uses the output signal to vary a capacitance of the oscillating 
circuit to regulate the phase of the current. 

9. The terminal of claim 5, wherein the distance detector 
includes an envelope detector that measures a voltage at a 
node of the oscillating circuit to provide a measured voltage 
indicative of the real part of the impedance of the oscillating 
circuit. 

10. The terminal of claim 9, wherein the envelope detector 
includes a capacitor for storing the measured voltage, a 
resistor that discharges the capacitor when the measured 
voltage decreases, and a diode that rectifies the voltage at the 
node. 

11. The terminal of claim 9, wherein the distance detector 
includes an analog-to-digital converter that converts the 
measured voltage to a digital value, and provides the digital 
value to a processor. 

12. The terminal of claim 5, wherein the distance detector 
includes a current measurement device that measures a 
current in the oscillating circuit. 

13. A method for determining a distance between a 
terminal that generates an electromagnetic field, the terminal 
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being adapted to communicate with a transponder when the 
transponder enters the electromagnetic field, and the tran- 
sponder that enters the electromagnetic field, independent of 
the transponder transmitting any signal, the method com- 
prising acts of: 

regulating a phase of a current in an oscillating circuit of 
the terminal; 

determining a value of a real part of an impedance of the 

oscillating circuit; and 
determining the distance between the terminal and the 

transponder based on the value of the real part of the 

impedance of the oscillating circuit. 

14. The method of claim 13, wherein the act of regulating 
includes: 

measuring the phase of the current to provide a measured 
phase; 

comparing the measured phase with a reference value; 
and 

regulating the phase of the current with respect to the 
reference value. 

15. The method of claim 14, wherein the act of regulating 
further includes an act of varying a capacitance of the 
oscillating circuit. 

16. The method of claim 13, wherein the act of determin- 
ing the value of the real part of the impedance includes 
measuring a voltage at a node of the oscillating circuit to 
provide a measured voltage. 

17. The method of claim 16, wherein the act of determin- 
ing the distance includes comparing the measured voltage 
with a predetermined value. 

18. The method of claim 13, wherein the act of determin- 
ing the distance includes converting the measured voltage to 
a digital value. 

19. The method of claim 13, wherein the act of determin- 
ing the value of the real part of the impedance includes 
measuring a voltage at a node of the oscillating circuit to 
provide a measured voltage. 

20. The method of claim 13, wherein the act of determin- 
ing a value of a real part of an impedance of the oscillating 
circuit includes measuring a current in the oscillating circuit. 
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